Introduction
Economic evaluations in health care are often based on cost-utility analyses, with health gains expressed in terms of Quality-Adjusted Life-Years (QALYs, Pliskin et al., 1980) . Applications of the QALY model often assume expected utility (EU) theory to hold. However, it is by now well-known that EU has limited descriptive validity in many domains, including in health  Llewellyn- Thomas et al., 1982; Treadwell and Lenert, 1999) .
Prospect Theory (PT, Tversky and Kahneman, 1992) has developed as an important alternative to EU, with more descriptive validity. Descriptively, we have to reckon with violations of EU and, hence, in order to measure utility, we should resort to descriptive models such as PT, even if we consider EU to be normative. PT's main deviations from EU are its reliance on a reference point, with people valuing deviations from this reference point rather than absolute outcomes, a steeper slope of utility for losses as seen from the reference point than for gains (loss aversion), as well as a nonlinear transformation of probabilities into decision weights (probability weighting).
Several studies have measured utility and/or probability weighting under PT, both for monetary outcomes (Abdellaoui, 2000; Bruhin et al., 2010) and for health outcomes (Bleichrodt and Pinto, 2000; Miyamoto and Eraker, 1989; Riddel and Kolstoe, 2013) . Quantifications of loss aversion are increasingly performed as well. Abdellaoui et al. (2007; 2008; and Booij and van de Kuilen (2009) measured loss aversion in the monetary domain, whilst Attema et al. (2013) , Bleichrodt and Pinto (2002) and measured loss aversion in the health domain. However, the latter studies also indicated that for health, the location of the reference point is not clear.
When combining PT with the QALY model, the latter is more complicated than many other decision models because it involves two attributes: longevity and quality of life (QoL) ). An additional complication with this model is that QoL is a non-numerical attribute.
Consequently, if we are to derive a full parameterization of the QALY model, we need to elicit values over both life duration and QoL. Although the utility for life duration has recently been elicited according to PT (Attema et al., 2013) , no such attempt has yet been made for QoL. Abellán-Perpinán et al. (2009) applied PT to QoL estimations, but they did not measure PT's parameters. This paper studies the influence of reference points in health systematically and proposes a complete elicitation of prospect theory for quality of life outcomes. Bleichrodt and Pinto (2002) and reported reference-dependency to be highly influential in the health domain, but left a quantification of the amount of loss aversion and a complete quantification of prospect theory for future research. In this paper, we generated reference points by explicit framing and investigated how their manipulation affected preferences towards quality of life.
The methodological objective of this research is to show how utility for health can be estimated using more realistic assumptions about the way in which subjects respond to elicitation questions. Traditionally, it has been assumed that subjects respond to standard gamble questions using EU and the QALY model (Furlong et al., 2001) . Since there is evidence that the traditional EU model is not descriptively valid, it is important to estimate QALYs using theories based on more realistic assumptions, such as PT. By applying a comprehensive method, we are able to measure utility for gains and losses, simultaneously with a loss aversion index and probability weighting. First, we show how utility would be estimated under the traditional assumption of EU. We proceed to show that these assumptions are incompatible with our evidence. More specifically, we conduct a direct test of traditional EU by investigating whether risk aversion is influenced by positioning of the reference point. Third, we show how to estimate utility using PT.
Interestingly, we find more risk aversion when the same outcomes are framed as losses than when they are framed as gains. This is in sharp contrast to findings of studies using monetary outcomes, where risk seeking behavior is commonly found in the loss domain (Tversky and Kahneman, 1992) . Hence, our findings point to an important difference between health and money.
The parameterization of PT reflects this difference by concave utility for losses and close to linear utility for gains. The evidence for probability weighting is mixed, with a slight tendency to pessimism for gains. We also observe loss aversion, to a similar extent as commonly found for monetary outcomes. In summary, traditional EU is found to be too constrained to explain behavior in health, suggesting that alternative theories accounting for sign-dependence are worthwhile.
In the next section we introduce notation and describe our measurement method. Section 3 presents details of the two experiments we performed, Section 4 summarizes the results, Section 5 summarizes and discusses the main findings, and Section 6 concludes.
Method

Decision models
The decision maker faces uncertainty about the health he will have in the future and chooses between binary prospects (x p y) that give outcome x with probability p and outcome y with probability 1-p, with outcomes being health profiles. Our experiment only uses binary prospects and, hence, we do not consider prospects with more than two outcomes here. A decision maker's preference relation ≽ is assumed to be a weak order, i.e., it is transitive and complete. The relation denotes the asymmetric part of ≽, and ~ denotes indifference.
To represent the decision maker's preferences, we assume the generalized QALY model (Miyamoto and Eraker, 1988) . This model evaluates health profiles x=(H,T) by the function U(x)=V(H)•W(T), with U(x) the total utility of a period T in the health state H, being a product of ! V(H), the value of H, and W(T), the discounted weight of duration T. This paper focuses on ceteris paribus comparisons of health profiles with identical duration. Comparison of chronic health profiles hence reduces to comparison of QALY weights through V(H). The generalized QALY model is compatible with several models of decision under uncertainty. If two health profiles, x and y, are possible, the traditional EU model evaluates preferences over these profiles by:
(1)
Because of the limited descriptive validity of EU, more general specifications that incorporate PT and rank-dependent utility have been developed in the health domain (Bleichrodt and Quiggin, 1997; Bleichrodt and Miyamoto, 2003) . In PT, outcomes are defined as changes with respect to a reference outcome r rather than final health positions. An outcome x is a gain if x≽r and a loss if r≻x. A gain prospect contains only gains, a loss prospect contains only losses, and a mixed prospect contains a gain and a loss. According to PT, the evaluation of prospects becomes (Wakker, 2010) 2 :
for gain prospects;
PT p, x; y = w 5 p • U x − U y + U(y)
for loss prospects, and;
PT p, x; y = w 4 p • U x − U r + w 5 1 − p • U y − U r + U(r)
for mixed prospects. In 2a-2c, w 4 p is a probability weighting function for gains and w 5 p is a probability weighting function for losses. Probability weighting functions are strictly increasing functions from [0,1] to [0,1] with w i (0)=0 and w i (1)=1, i=+/-. If w + (p)=p and w -(p)=p, 2a-2c define a reference-dependent version of expected utility. Wakker (2010, Observation 7.11.1, p.231) shows that when there are only two outcomes, as in this study, PT for gains agrees with rank-dependent utility as well as many other theories. Thus, our utility measurement is even more general than PT for two outcomes.
In this paper, we do not consider qualitative health scales, but instead study quantitative health scores summarized as a percentage q of full health FH. The advantage of this representation is that we can measure it on a continuous scale. Other researches have used this approach and they have not 2 Note that PT (Tversky and Kahneman, 1992) and original PT (Kahneman and Tversky, 1979) coincide for binary prospects, which we study in this paper.
reported important problems in the use of this scale (Baker et al., 2010; Dolan and Tsuchiya, 2009; Pinto-Prades et al., 2014) . Attema et al. (2013) applied the semi-parametric method proposed by Abdellaoui et al. (2008) to estimate EU's and PT's parameters in the context of life years. We use this method but apply it to QoL. Reference-dependent preferences can be more important in QoL because reference points are more subjective than in life expectancy. That is, in life expectancy the reference point could be the "expected life expectancy" at that age, but in QoL it is not that clear where the reference point is located. In addition to measuring the parameters, we also repeat the measurement using different reference points and compare the resulting parameter estimates, whereas Attema et al. (2013) considered only one reference point. 
Elicitation of utility and decision weights
with ω 4 = w 4 0.5 and e F an iid error term. This equation enables the simultaneous estimation of the utility parameter α and the weight ω + through nonlinear least squares. The procedure is similar in the loss domain with a utility V 5 q 8 • FH = − −q 8 • FH K and ω 5 = w 5 0.5 , giving the following regression equation:
Under EU, for gains and losses indifferences yield Eq. (3) with the restriction ω 4 = p.
Elicitation of loss aversion
In order to estimate a loss aversion index, we make use of the representation of Köbberling and Wakker (2005) . The decision maker has a utility U which is defined by:
with loss aversion index λ and r the reference point. This model was also adopted by Tversky and Kahneman (1992) . Denoting q : 8 the gain, q ; 8 the loss in the mixed prospect, and setting U(r)=0, this gives:
Solving for λ gives the following expression:
3. Experiment
Design
The experimental design consisted of two different treatments, with each respondent being allocated randomly to one of them. In both treatments it was made clear to the subjects that they should imagine having a particular QoL in terms of a percentage of full health. The QoL obviously cannot get higher than 100%, and, hence, 100% was the maximum of our outcome range. In order to prevent QoL from getting close to 0, which may cause extreme behavior and subjects confusing QoL and life expectancy issues Stiggelbout and de Haes, 2001) , the minimum was set to 20%.
The first treatment (the Reference-Dependent Treatment: RDT) used two different reference points for gains and losses, and a mixed prospect. We used the minimum outcome, 20%, as the reference point in the gain part. Similarly, we took the maximum outcome, 100%, as the reference point in the loss part. Taking the minimum [maximum] as the reference point allowed for eliciting risk attitude for gains [losses] over the entire observed QoL range of 20%-100%. In fact, we used the same outcomes twice, but obtained from a different reference point. Therefore, we test the stability of risk attitude in gains and losses, and, hence, we perform a within-subject test of traditional EU, which predicts the same risk attitude for both reference points given that the final health states are the same.
On the opposite, different risk attitudes are evidence in favor of different reference points. Finally, we set the reference point for the mixed prospect at the value exactly halfway this range, at 60%. The mixed prospect still allowed us to estimate a gain/loss asymmetry index (i.e., computing loss aversion while assuming linear utility and no probability weighting) and the amount of risk aversion in comparison to the amount of risk aversion in the gain and loss parts.
The second treatment (the Sign-Dependent Treatment: SDT) induced a unique reference point of 60% of full health, and proceeded by eliciting risk attitudes over both gains and losses as seen from this point. This yielded both gains and losses ranging between 0 and 40% (i.e. up to 100% and down to 20%). Since the reference point was the same for gains and losses in SDT, we could estimate a loss aversion index for this treatment. A mixed prospect was used for this purpose.
Main Experiment
Subjects and procedure
The experiment was conducted by a professional internet sampling company (Survey Sampling International). This company has much experience with internet surveys and a large representative database of subjects. A total of 500 subjects, representative for the Dutch general population, participated in the experiment. The subjects were rewarded with a monetary amount to be given to a charity fund of their choice. The first 37 respondents performed a pilot experiment to test whether everything worked correctly and whether it generated sensible responses. The remaining 463 respondents were included in the analysis. This sample consisted of n=227 in RDT and n=236 in SDT.
The experiment started with some questions regarding background characteristics. We gathered information about age, gender, number of children, marital status, income, education, health status (as classified by EQ-5D-5L-5L) and rating of health (according to a VAS). Subsequently, before starting the main experiment, elaborate instructions and practice questions were provided, explaining the kind of trade-offs that had to be made in the experiment. These questions also contained some dominant options. If a subject, after repeated instruction, still chose the dominated option, we took this as a case of misunderstanding and screened these subjects out. Hence, the completed dataset only contains the results of subjects who picked the dominant options in the practice questions, strengthening the reliability of the data.
Indifferences were elicited by a combination of iterative choices and matching. We started with a bisection procedure that adjusted the value of q 8 upwards or downwards depending on the chosen option. We used two of these choices to zoom in on an indifference point. In the first question, q 8 was always equal to the expected value (EV). Having narrowed down the answer range after these two choices, we gave the residual range of possible indifference values, and asked the subject to express their indifference value by using a slider.
In case of indifference at the first choice of the iteration process, respondents were asked whether they were really indifferent. If they indicated not to be indifferent on second thought, they returned to the first choice and answered it anew. Otherwise, they would proceed to the next question, in which they were asked to explain their choice. At the end of the iteration they were asked to type in a value for the sure outcome such that they would be indifferent between the sure outcome and the risky prospect. If they were truly indifferent in the first choice, this value should have been equal to the value shown to them in the first choice (i.e., the EV). For respondents who were indifferent in the first choice of an iteration, we set F equal to the EV in the analysis (instead of using their answer to the open question).
Stimuli
The utility for both gains and losses was elicited by seven questions each. The order of the seven questions was random. In the gain part, the subjects were given the opportunity to choose one of two treatments that could improve their health status. The safe option contained a treatment that would increase QoL with percentage points for certain, whereas the risky option involved a treatment that would gain two different percentage points, both with probability 0.5. We picked a probability of 0.5, because this prevented the task from being an excessive cognitive burden on subjects, and because it is the most common probability used in the literature on risky decision making.
All QoL values were contained in the interval [20%,100%]. We specified all QoL improvements to be transitional, lasting for 1 year. Subjects were told that afterwards their health would improve to (or remain at) full health. The reasons why we chose a 1 year duration were twofold. First, it was essential that the duration was the same for all respondents, in order to guarantee homogeneity of stimuli among respondents. If we took remaining lifetime, this would be different across respondents and, hence, this would add an additional source of unobserved heterogeneity and hamper comparability of the results. Second, a longer time span would decrease the survival probability during this span. Respondents may then accordingly reduce their valuation of the health improvement, which would again impose additional unobserved heterogeneity among respondents.
The instructions of the gain part told the subjects to imagine that, because of a disease, their health status had deteriorated a while ago to a level of 20% of full health in RDT (60% in SDT).
However, recently, the doctors had discovered two new treatments that could do something to combat the disease. These two treatments were the following. One treatment involved a sure gain. The other treatment was risky, giving a larger gain with probability 0.5, but a smaller gain (or none at all) with probability 0.5 as well. The amount of the gain in the riskless treatment was then elicited such that the respondent was indifferent between the two treatments. The experimental design created a distinction between past changes in health, to which the subject has already adapted, and likely changes. In the experimental instructions it was made clear that both changes in health were of a different nature to help the subject distinguishing the reference point (the current status quo) from its deviations (see Kahneman and Tversky, 1979, pp. 286-288 on this point).
In the loss part, the respondent's health status was about to deteriorate during the next year to a level of 20% of full health because of a disease. This part of the instructions was necessary to prevent inaction to be the optimal decision. In opposition to the deterioration to a level of 20% of full health in the gain part, the drop in QoL described in this part is only conditional on inaction and should not be considered as a possible status quo or reference point. After that year, the disease would disappear naturally, and their health would return to 100% in RDT (60% in SDT). However, two treatments were also available to reduce the loss encountered during the coming year. One treatment involved a sure loss. The other treatment was risky, giving a larger loss with probability 0.5, but a smaller loss (or none at all) with probability 0.5 as well. The amount of the loss in the riskless treatment was then elicited such that the respondent was indifferent between the two treatments. A translation of the full instructions is available in Appendix B. For mixed prospects, the subjects were instructed to assume that their health had deteriorated recently to a level of 60% of full health due to unknown causes. Without treatment, the disease would disappear after one year, causing their health to return to 100%. However, a treatment had recently become available that could improve their health immediately. The effects of this treatment were uncertain, because for half of the patients it generated serious side-effects, reducing their health even further, to a level lower than 60%. For the other half of the patients, the treatment had no side-effects and their health immediately improved to a level higher than 60%. The question was elicited in two different ways. First, we elicited q b such that ( C _ , 20; − a )~0, that is, the subject could choose between no treatment and staying at QoL=60%, or taking a gamble with probability 0.5 of gaining 20 percentage points of health (from 60 to 80) and probability 0.5 of losing a percentage points of health (from 60 to 60a ). Second, we elicited c such that ( C _ , c , −20)~0, that is, the subject could choose between no treatment and staying at QoL=60%, or taking a gamble with probability 0.5 of losing 20 percentage points of health and a probability of gaining c percentage points. Half of the subjects did the first variant and half did the second variant. They were allocated randomly to the different variants.
The experiment always started with the gain part, because we learnt from pilot sessions that this made it easier for subjects to understand the choice task. After that, the loss and mixed prospects were asked in random order. Li et al. (2015) and Vieider et al. (2015) also recommended to have gain questions preceding loss questions for this reason. Moreover, Etchart-Vincent and l'Haridon (2011) and Vieider et al. (2015) tested for order effects between gains and losses in this regard, and found none. Table 1 presents a list of all prospects used in the Main Experiment. 
Robustness Experiment
In the Main Experiment, we observed a large amount of responses that implied risk neutrality. In order to test to what extent this has influenced our main findings, we ran a robustness experiment, in which we modified several aspects of the design. First, we removed the no preference option in the first questions, forcing subjects to choose one of the two options. If subjects were truly indifferent, this would not distort the elicitation, since they were still able to express the initial CE value as their indifference value at the end of the iteration. Second, we marginally changed the stimuli such that they did not consist of round numbers anymore. Using non-round stimuli made it harder to compute the EVs and respond accordingly with an EV heuristic (Bostic et al., 1990; Cohen et al., 1987; Pennings and Smidts, 2003; Wakker and Deneffe, 1996) . Third, we framed the outcomes in terms of gains and losses instead of final health levels. Fourth, the slider was removed. Instead, we increased the number of choices and stopped after the CE range was narrow enough to have an indifference estimate that was of sufficient precision. This estimate was computed as the midpoint of the remaining range. Fifth, the CE provided in the first question was not necessarily equal to the EV anymore. The stimuli of the Figure 1 and Table 2 ). This made it possible to test EU in two ways:
1. Comparing the answers of the gain and of the loss part where the final outcomes are the same (j=1 for losses and j=7 for gains, and similarly for j=2 vs. 6, 3 vs. 3, 4 vs. 5, 5 vs. 4, 6 vs. 2, and 7 vs.1). prospect (0.5,50;10) and loss prospect (0.5,-70;-30 
.2. Elicitation of PT
The SDT allows for an elicitation of PT for QoL outcomes and to obtain a first measurement of its components. We do not have the exact same outcome stimuli in these two treatments, but since they cover the same QoL range of 20%-100%, we can compare the shapes of utility again. It may be the case that, if we find no difference between utility parameters for gains and utility for losses within RDT (giving no evidence against EU), we still find the combined utilities for gains and losses in SDT to differ from the elicited utility in RDT. Similar utilities in the two treatments would confirm EU, whilst a kink around 60% in SDT but not in RDT would be consistent with PT. 4 We test this by comparing answers in SDT and RDT for similar prospects between subjects.
For RDT, we use the large stake gambles . The intuition is that within the EU framework, if there is risk aversion over modest stake gambles (in SDT), then at least the same amount of risk aversion is predicted over large stake gambles (in RDT) because of diminishing marginal utility. However, if it turns out that risk aversion is instead more important over medium stake gambles than over large stake gambles, this could be due to loss aversion affecting the mixed gamble in SDT, but not the large stake gambles in RDT.
Another test for loss aversion we perform, is to compare the amount of risk aversion found in the mixed prospect to that found in the gain and loss parts. In the RDT we have only one question for the reference point at 60% and we cannot perform any other tests of loss aversion but still it may give some indication of its presence or absence. That is, if there is no loss aversion, the starting level does not matter and, hence, the mixed prospect should give a similar amount of risk aversion as the other two parts. Instead, in case of loss aversion more risk aversion would be expected in the mixed prospect because respondents are less willing to choose the gamble 5 .
If traditional EU is rejected, it is necessary to consider a more general decision model allowing for reference-dependence, like PT. Instead of identical curvature, the most common form of PT would predict convex utility for losses and concave utility gains; i.e., we would expect a lower 4 At least if people take the induced RP as their status quo. It may also be true that people have a fixed RP of, say, 40%, which they use everywhere. Subjects would then reframe all outcomes as gains and losses as seen from 40% and the prediction would be a kink at 40% in both treatments. 5 However, see Ert and Erev (2013) for the opposite finding.
answer (in terms of final values) to j=1 for gains than j=7 for losses, and likewise for the other comparisons in RDT.
The SDT allows for a more precise evaluation of sign-dependent decision models. For the SDT, we do not have the same outcomes in the gain and loss parts, because the initial health level was the same for both, and, hence, the final outcomes could by definition not be in the same range.
Therefore, no direct comparison between the gain and loss parts was possible, but we could test for a gain/loss asymmetry in three ways:
1. Comparing the number of risk averse responses.
2. Investigating the power estimates for gains and losses.
3. A kink in SDT may be considered an indication of loss aversion. The presence of a kink at 60% in SDT is tested by estimating the loss aversion index: if the estimate of λ (Eq. 7) is higher than 1, this would be evidence of sign-dependence and loss aversion for outcomes below this reference point.
Exclusion criteria
In both treatments, it was not possible to estimate the parameters for some subjects who expressed indifference at the lowest or highest value of the prospect in multiple or all of the prospects implying a violation of stochastic dominance. These subjects were therefore removed from the parametric analysis (5 subjects in RDT and 9 subjects in SDT). In addition, no loss aversion index could be estimated for those subjects who were not prepared to accept any loss, as this would mean an infinite loss aversion index (30 [33] subjects in RDT [SDT]).
Results
Reliability
A minority of the subjects violated dominance in one or more questions, in that their indifference value was equal to the lowest or highest outcome of the prospect (RDT gains: lowest value 2.3%, highest 4.0%; RDT losses: lowest 2.9%, highest 2.4%; SDT gains: lowest 2.5%, highest 4.6%; SDT losses: lowest 2.8%, highest 6.9%).
Stochastic dominance, defined by the assignment of a higher indifference value to a prospect with at least one better outcome and no worse outcome, was also sometimes violated. In RDT, the average rate of violation of FSD was equal to 2.16%. In SDT, the average rate of violation was equal to 2.56%.
CEs and risk attitude
A subject was classified as risk averse [risk seeking] if at least 5 out of 7 CE questions produced a risk averse [seeking] answer (i.e., a CE lower [higher] than the expected value of the prospect). This allowed taking into account response error. Because the data were not normally distributed, we performed nonparametric statistical tests (Wilcoxon signed ranks tests for within-subject analyses and Mann-Whitney tests for between-subjects analyses). Two-tailed p-values are reported. In the Robustness Experiment (see Appendix C for more details), we found more evidence of risk aversion (and almost no risk neutrality). For gains 58.4% [38.9%, 2.7%] of the answers was consistent with risk aversion [risk seeking, risk neutrality]. In the loss part, 62.0% [38.0%, 0%] of the answers reflected risk aversion [risk seeking, risk neutrality] for RP=100. In summary, it seems that the change in the design not only reduced the percentage of risk neutral subjects but also increased risk aversion. It seems that RN subjects of the Main Experiment split evenly between RA and RS. Note: p-value corresponds to a Wilcoxon matched-paired test on the difference between certainty equivalents for the gain prospects and loss prospect when expressed in final health levels.
RDT
Comparison of gains and losses serves as a basis to test EU. When comparing gains to losses in RDT, we found more risk aversion for losses than gains (p<0.01), for 4 out of 7 CEs, and 5 out of 7 at the 6% level. Only for j=2 vs. j=6 there was no difference (p=0.58). For j=5 for gains vs. j=4 for losses the sign of the difference was the opposite: risk aversion was marginally lower for losses than for gains (p<0.10). Hence, we find a violation of EU in most comparisons. The final health levels were not always exactly the same in the gain part as in the loss part in the Robustness Experiment, so we did not perform this test there. 
SDT
Mixed prospects
In the mixed prospect of the Main Experiment, 51.8% of the responses were risk averse, 23.8% were risk seeking, and 24.4% were classified as risk neutral. In the Robustness Experiment, 71.5% of the responses were risk averse and 28.5% were risk seeking. A more precise look at the results shows that this degree of risk aversion was comparable to the degree of risk aversion among non-risk neutral subjects in the Main Experiment (68.5%) and to the degree of risk aversion in previous studies eliciting loss aversion (Abdellaoui et al., 2008; Attema et al., 2013) .
We observed more risk aversion in the mixed SDT prospect (53% in the Main Experiment and 66.9% in the Robustness Experiment) than in the large-scale RDT gain prospect (49.3% in the Main Experiment and 60.5% in the Robustness Experiment). Therefore, utility in SDT was not compatible with utility in RDT for gains, which may be due to loss aversion in the mixed SDT prospect. For losses, the test was inconclusive because we observed more risk aversion in the large-scale RDT prospect (63% in the Main Experiment and 75.5% in the Robustness Experiment) than in the mixed SDT prospect (53% in the Main Experiment and 66.9% in the Robustness Experiment), which could be the result of both diminishing marginal utility and loss aversion.
Tests using parameter estimates
Assuming EU, the power estimate of utility clearly differed between the loss and gain parts in RDT. Figure 2 shows the relationship between the utility parameter estimates under EU in the gain and loss parts. When the reference point was set to 20, the median utility parameter estimate was equal to 0.90.
When the reference point was set to 100, for the same prospects over final health level, the median parameter estimate was lower and equal to 0.61 (p<0.01). Hence, utility was more concave when prospects were presented as losses than as gains. This result underlines the necessity to take into account sign-dependence (i.e., a different evaluation of outcomes depending on whether they are gains or losses) in decision models, PT or a sign-dependent version of EU.
Figure 2. Comparison of parameter estimates under EU in RDT using the two different reference
point levels RP=20 (gain part) and RP=100 (loss part)* * We restricted the data points to cover the range of utility parameters [0-3]. Narrowing the range excluded 8.0% of the data points from the Figure. Under PT, the power estimates for losses confirmed concavity (Tables 3 and 4 ; p<0.01 for both RDT and SDT, and for both experiments). In other words, respondents had concave utility for losses. No deviation from linearity was observed for utility for gains (p>0.21), except for RDT in the Robustness Experiment, where utility was concave (α =0.80, p<0.05). Hence, we find no evidence of reflective utility, although we observe more utility curvature for losses than for gains.
We found loss aversion in both experiments (λ in SDT>1, p<0.01). The amount of loss aversion was robust across the two experiments. It shows that this is a robust phenomenon, occurring even in an experiment where we observe a lot of risk neutrality in the gain and loss prospects (i.e., the Main Experiment). The amount of loss aversion (a bit below 2) is somewhat lower than that frequently observed for monetary outcomes (which tends to be a bit above 2, e.g. Tversky and Kahneman, 1992) .
In addition, the interquartile ranges of λ indicate a high amount of heterogeneity among individuals.
Risk aversion in RDT was captured by underweighting the probability of the best outcome (Main Exp.: median ω + =0.46, p<0.01; Robustness Exp.: ω + =0.41, p<0.01). The median estimate of ω + for SDT was exactly 0.50 in the Main Experiment, suggesting no systematic deviation from linearity in probabilities, but in the Robustness Experiment there was underweighting (0.35, p<0.01). For losses we found underweighting of the bad outcome in both treatments and in both experiments (p<0.01 for all four comparisons). Finally, no significant differences between the decision weights for gains and losses were found in the Main Experiment and RDT in the Robustness Experiment, but decision weights were lower for gains than for losses for SDT in the Robustness Experiment (p<0.01). The estimated decision weights are similar to previous observations of probability weighting of probability 0.5 using health outcomes (Bleichrodt and Pinto, 2002; Bleichodt et al., 1999) . 
Discussion
Good descriptive models are required to correctly model health-related decisions and to debias health state valuations. The structure of our study, viz. the RDT and SDT treatments, allowed us to test such decision models. We analyzed individual decision making with regard to quality of life and found evidence for reference-dependence as well as loss aversion. However, the high amount of risk neutral people suggested an internal validity issue on separate domains. We ran a robustness experiment in order to remove this issue, and its results supported the results of the main experiment, although we also observed some notable differences. In particular, because of the use of different stimuli (making it less easy to use EV's as default options) and the removal of an indifference option, there was substantially less risk neutrality in the robustness experiment. This reduction resulted in a higher ratio of both risk averse and risk seeking respondents, with the ratio of risk averse to risk seeking respondents increasing slightly compared to the main experiment. This was translated into somewhat more concave utility functions and more pronounced probability weighting in the robustness experiment.
We reported evidence of risk aversion for both gains and losses. It seems that the magnitude of the gains does not matter for the degree of risk aversion, but the sign of the outcomes as either gains or losses does, with more risk aversion present in the loss domain than in the gain domain. This risk aversion could be attributed to utility curvature as well as probabilistic pessimism.
Our findings of concave utility for losses confirm the results observed in the domain of life duration (Attema et al., 2013) and in pain intensity (Schosser et al., 2015) . Therefore, this study reinforces the evidence that health is a fundamentally different commodity than money, with a positive correlation between concavity for gains and for losses. Instead, 'diminishing sensitivity' or reflection at the individual level, with a positive correlation between concavity of utility for gains and convexity for losses, is often found in the monetary domain (Abdellaoui et al., 2007; Abdellaoui et al., 2013; Budescu and Weiss, 1987; Schoemaker, 1990) . However, the observed risk aversion in both gains and losses may also have been an artefact of the within-subject design of our study; that is, respondents could have had a preference to be consistent across domains, which would explain the high interdomain correlation. This possibility may be tested in future research by adopting a between-subject design where each respondent only performs either a gains task or a loss task.
With money, convexity in the loss domain implies that people are more sensitive to losses near their status quo, than to the same losses remote from their status quo. For example, people may evaluate a loss of €11,000 as similar to a loss of €10,000, since the additional loss of €1,000 is not perceived as making much of a difference in the context of an already large loss. However, the difference between €1,000 and €2,000 is perceived as large. The difference is explained by a general characteristic of perception of quantities and numbers. To the contrary, the standard economic argument, diminishing marginal utility, reflects the intrinsic value of money and would predict concavity in the loss domain. In the health domain, with 60% as reference point, convexity would mean that a loss from 60% to 40% of QoL would be perceived as much "larger" than a loss from 40% to 20%. We observed the opposite in our experiments: the loss from 60% to 40% was perceived as smaller than the loss from 40% to 20%. A direct comparison with monetary outcomes implies that in the loss domain monetary outcomes are influenced by the aforementioned psychological perception of quantities, while this is not the case for health outcomes.
Our study also highlights that other elements of prospect theory can be transferred from the monetary domain to the health domain. Loss aversion appears to be a robust phenomenon, and is of a similar magnitude in this study as in estimations using monetary outcomes (Abdellaoui et al., 2007; Abdellaoui et al., 2008; Booij and van de Kuilen, 2009) .
The findings in this study of concave utility for QALYs are not in line with the current application of QoL values. These applications usually assume a linear function over QALYs.
Therefore, our results suggest that a modification to this habit may be appropriate. This result has been observed under EU previously, but since EU is not descriptively valid, a wrong QALY model could have been confused with a wrong utility theory. Our result confirms that this is not the case and the assumption of a linear function over QALYs is not correct.
The experiments performed for this study have several limitations. First, QoL in numbers is perhaps hard to imagine, since people are more familiar with speaking about health in terms of ability to function in different activities, such as captured by the EQ-5D-5L classification system. However, in order to elicit utility, probability weighting and loss aversion a continuous scale is useful.
Second, since we did not know the respondents' reference points, we induced a status quo (i.e.
an initial health state) that was the same for all respondents. Maybe respondents adopted the status quo as their reference points, but they may also have framed the outcomes as deviations from their own reference point (e.g., what they consider to be a normal health level for themselves), or they may have constructed a reference point according to some weighted average of these two levels. The latter would require more cognitive effort by the subjects, because they would then repeatedly have to change perspective from gains to losses, and vice versa, which would likely undermine data reliability.
Moreover, our finding of differences between gains and losses in RDT suggests that people are sensitive to reference-dependence and changes in health rather than final health positions and take the induced starting value as their reference point. Furthermore, our finding of a difference in risk aversion between the mixed SDT prospect (with starting point 60%) and the large scale RDT loss prospect (with starting point 100%) suggests that subjects did not take 100% as their reference point in the mixed SDT prospect. In general, the lack of a theory about the formation of reference points when none are induced is one of the main weaknesses of prospect theory (Wakker, 2010) . This is a problem in many contexts, not only experimental ones, and highlights the need for research about reference point formation (Arkes et al., 2008; Baucells et al., 2011; Kőszegi and Rabin, 2006) .
Third, we could not separately estimate utility and the decision weight of probability 0.5, but had to estimate them simultaneously, with the risk of collinearities. Related to this, we measured only one decision weight, so that we have limited knowledge about the shape of the probability weighting function. This emphasizes the desire for a replication of our research that measures these concepts separately by means of two separate tasks, which would justify more robust conclusions.
Fourth, as has to be in health usually, our study did not use real (performance-based)
incentives. Furthermore, we did not even pay subjects a flat fee, but instead let them pick a charity fund of their choice, to which our payment would be transferred. This decision was supported by an experiment with health outcomes by , who found that most subjects declined to be paid for their participation.
Fifth, part of the respondents may have considered the stakes (temporary health shocks of 1 year) to be too small. This could explain the high amount of risk neutrality in the main experiment, although the robustness experiment did not generate a lot of risk neutrality while using the same time horizon. Hence, future research using higher stakes is encouraged.
Conclusion
We can conclude that health is a special commodity with a number of behavioral differences as compared to, for instance, money. Nevertheless, several other phenomena are universal and occur in the health domain in a fashion similar as in the monetary domain. In particular, EU is violated for health outcomes as well as for monetary outcomes, with losses looming larger than gains and probabilistic pessimism. The most important difference seems to be a clear deviation from the commonly observed S-shaped utility (reflection); instead, universal concavity appears to be a robust pattern for health outcomes. Assuming a power function, the utility after 1 year can also be canceled and we obtain: In case of EU, we have w(p)=p and no reference-dependency. Hence, no distinction between gains and losses is made and we would predict no different results from the gain and loss parts. Therefore, EU
Appendix A. Derivation of predictions
gives the following indifference evaluation in both parts:
Appendix B. Translation of instructions
Gains
We are about to ask you questions about what you would do in case you were ill. Because these are difficult questions and given that you probably don't face this problem in reality, we will first ask you some simple questions which will hopefully help you in answering this questionnaire.
We will speak about health as a number. If we say that your health is 100, it means that your health is perfect. If we say that your health is equally bad as being dead, then we give your health a value of 0.
Can you indicate how you would rate your own health today on a scale from 0 to 100?
In the following questions, assume that your health has deteriorated seriously a few years ago. The cause was unknown and doctors could not do anything to improve your health. Your health is, expressed on scale from 0 to 100, only 20 now, while it used to be 100 in the past.
How would you appreciate a health of 20 on a scale from 0 to 100?
-not very bad -reasonably bad -very bad -extremely bad Then now the good news. Doctors have found the cause of the problem. Not only that: two medical treatments are available. Both treatments ensure that the condition will completely resolve in one year, so that your health returns to the old level of 100. However, the treatments differ in the effect they have during the coming year. We will ask you to choose between these two treatments, but first we will better explain the choice problem using a stepwise procedure. 6
Example of a question Question 1a. 
Mixed prospect
Practice question 1a.
In the following questions, assume that your health has deteriorated seriously a few years ago. The cause was unknown and doctors could not do anything to improve your health. Your health is, expressed on scale from 0 to 100, only 60 now, while it used to be 100 in the past.
After one year, the disease is self-limiting and your health will return to the original level of 100. We used these background characteristics to investigate whether they could be related to the measurements of risk attitudes. The following tables show the results of ordinary least squares regression of the different components of risk attitudes (utility for gains and losses, probability weighting for gains and losses and loss aversion) on the background characteristics. Comparison of the results show that no systematic pattern of relation between risk attitudes and individual characteristics emerges in our study. For example, loss aversion increases with income in the main experiment, but the sign of the effect is opposite in the robustness experiment. 
APPENDIX C: Additional information on the stimuli
165)
Note: * p<0.1; ** p<0.05; *** p<0.01 
